P D OLDHAM
From the MRC Pneumoconiosis Unit, Llandough Hospital, Penarth, S Glamorgan CF6 1XW, UK ABS-RAC1 A radiological survey of men employed in the china clay industry in Cornwall was carried out in 1977. Each man completed a short questionnaire on respiratory symptoms and smoking habits, his occupational history was determined, and his forced expiratory volume and vital capacity were measured. The radiographs were read independently by three observers, using the 1980 ILO classification. Of the 1728 men in the study, 23 had had dust exposure elsewhere, mostly in tin mining, and were excluded. Readings of the radiographs were available for 1676 men: 77-4% were within category 0, 17-9% in category 1, and 4-7% in categories 2 and 3. In 19 men (1-1%) one or more readers recorded the presence of a large shadow and read it as complicated pneumoconiosis, but in only four men were the readers unanimous. Every job recognised as dusty contributed significantly to the amount of simple pneumoconiosis, and in two jobs the conditions were such that the average worker would reach category 2 in a working lifetime. Smoking appeared unrelated to the radiographic appearance. Vital capacity showed a significant reduction with increasing amount of pneumoconiosis, but not, when this was allowed for, on the duration of exposure in any of the job categories. In addition it depended, as would be expected, on smoking. The effect of one category increase in pneumoconiosis was equivalent to 4-1 years of age in smokers, 3*9 years of age in ex-smokers, and 5*4 years of age in non-smokers. Forced expiratory volume did not decline significantly with amount of pneumoconiosis, so that FEV%VC showed an increase, though not to a significant extent. No relationship between symptoms and past exposure was detected.
In 1964 Sheers' reported that 9% of 553 Cornish china clay workers who had been exposed to kaolin dust in drying plants for more Table 3 shows how the three readers of the radiographs classified them according to the profusion of the small opacities characteristic of simple pneumoconiosis. Readers A and B give quite similar results, whereas reader C distributes the radiographs differently below category 1/0, reading many more in the "absolutely normal" category 0/-and the categories 0/1 and 1/0, where uncertainty between adjacent categories was felt. Combining all the readings (fig 1) , 77-4% were in category 1, and 4-7% in categories 2 and 3. The small opacities were predominantly read as rounded, usually as type q. Irregular opacities were recorded as well as rounded in about a quarter of the readings; pure irregular opacities were rare. group.bmj.com on April 13, 2017 -Published by http://oem.bmj.com/ Downloaded from readers classified the shadow as due to other disease or did not record it. Of the four unanimous cases, three had worked for more than 25 years as a pressman, fireman, or kilnman. The other had worked for 37 years with china stone.
Oldham
Interestingly, 15 of the 23 men with dlhst exposure outside the china clay industry were read as having signs of pneumoconiosis by one or more readers. Thirteen of them had worked in tin mining, two in slate quarrying. Though it is not certain that this external exposure produced the radiological changes, it is clear how necessary it is to eliminate men with mixed exposures if a true assessment of the effects of china clay is to be achieved.
For more detailed analysis of the readings of the radiographs, the cumulative distributions of the readings by major categories were plotted, on transformed scales, and straight lines fitted by an iterative maximum likelihood procedure. The location of the subcategories was then established by interpolation, and the midpoint of each used as a score for a reading of that subcategory. The method is described by Oldham.3 For each man a mean score was derived by weighted averaging of the scores for each observer. Because of the discrepant readings of reader C a score excluding him was also calculated. The scale for the radiological score is such that the width of category 1 is unity.
The dependence of the radiological scores on the period spent in each of the 11 occupational groups was investigated by multiple regression analysis. Each man's age was also included. The results for the score excluding reader C were similar to those for the score including him, but the multiple correlation coefficient in each analysis was marginally smaller. Consequently the score for all readers will be used in all that follows. Initially the analysis was carried out separately for non-smokers, ex-smokers, and smokers, but no relationship with smoking was detected. The regression coefficients for VC are given in table 6. In each smoking group VC declines with age and with radiological score, to a similar extent in smokers and non-smokers but far less in exsmokers. There seems to be no consistent dependence on years of exposure. Stepwise elimination of the variables showed that there was no loss of variance accounted for if "years of exposure" was omitted, and the same coefficient on radiological score used in each smoking group. Dependence on age did vary significantly between smoking groups. Table 7 shows the regression coefficients reached after this process of elimination.
VC showed a significant reduction with increasing amount of radiological pneumoconiosis, amounting Regression analysis of forced expiratory volume (FEV) showed patterns similar to those of VC, but the regression coefficients on radiological score are smaller and do not attain statistical significance. In other respects the radiological findings accord with those of Sheers, and quantitative estimates of the rate of development of radiological pneumoconiosis confirm and elaborate his finding of a risk increasing with the dryness of the material handled. The pressmen and firemen before 1954 (job A) whose work began with wet material had a lower regression coefficient than the millers, baggers, and loaders (job B) who worked with the dried material. The same is true of their counterparts after 1954 (jobs C, D, and E), and the difference between the coefficients of C (16) and D (24) is highly significant (p < 0.01). Sheers, writing in 1961, also suggested that the then more modern plants and processes were inherently dustier than the older, and this accords with the larger regression coefficient for job C than for job A and for jobs D and E than for job B, though these differences could be due to chance.
The regression coefficients are not directly interpretable as they stand (though fig 2 illustrates their  meaning) , but on the simple model of the severity of the radiological appearance depending on the product of average dust concentration and years of exposure the coefficients should be in proportion to the dust concentrations. Dust sampling has been carried out for several years, and it is understood that the results will be used to make this comparison.
The discovery that the vital capacity shows a small but significant decrease with increasing amount of pneumoconiosis is new. Glover et a15 found that pneumoconiosis in slate workers was associated with a reduction in both FEV and VC, and it now appears that pneumoconiosis in china clay workers resembles this more than pneumoconiosis in coalworkers, where loss of lung function is noticeable only in established massive fibrosis, not in simple pneumoconiosis. Further studies are in progress to discover more about the nature of the loss of ventilatory capacity by using a battery of more searching tests of lung function.
In conclusion, it appears that the alertness of the china clay industry to warnings of a possible hazard associated with dust exposure (Sheers') 
